Some studies on mRNA degradation in animal cells also indicate that RNA 
degradation may begin in some cases with nucleolytic attack in A+T rich regions. It is 
not clear if these cleavages occur at ATTTA sequences. There are also examples of 
mRNAs that have differential stability depending on the cell type in which they are 
5 expressed or on the stage within the cell cycle at which they are expressed. For example, 
histone mRNAs are stable during DNA synthesis but unstable if DNA synthesis is 
disrupted. The 3' end of some histone mRNAs seems to be responsible for this effect 
(Pandey and Marzluff, 1987). It does not appear to be mediated by ATTTA, nor is it 
clear what controls the differential stability of this mRNA. Another example is the 

10 differential stability of IgG mRNA in B lymphocytes during B cell maturation (Genovese 
and Milcarek, 1988). A final example is the instability of a mutant p-thallesemic globin 
mRNA. In bone marrow cells, where this gene is normally expressed, the mutant mRNA 
is unstable, while the wild-type mRNA is stable. When the mutant gene is expressed in 
HeLa or L cells in vitro, the mutant mRNA shows no instability (Lim et aL, 1992). 

15 These examples all provide evidence that mRNA stability can be mediated by cell type or 
cell cycle specific factors. Furthermore this type of instability is not yet associated with 
specific sequences. Given these uncertainties, it is not possible to predict which RNAs 
are likely to be unstable in a given cell. In addition, even the ATTTA motif may act 
differentially depending on the nature of the cell in which the RNA is present. Shaw and 

20 Kamen (1987) have reported that activation of protein kinase C can block degradation 
mediated by ATTTA. 

The addition of a polyadenylate string to the 3' end is common to most eukaryotic 
mRNAs, both plant and animal. The currently accepted view of poly A addition is that 
the nascent transcript extends beyond the mature 3' terminus. Contained within this 

25 transcript are signals for polyadenylation and proper 3' end formation. This processing at 
the 3' end involves cleavage of the mRNA and addition of poly A to the mature 3' end. 
By searching for consensus sequences near the polyA tract in both plant and animal 
mRNAs, it has been possible to identify consensus sequences that apparently are involved 
in polyA addition and 3' end cleavage. The same consensus sequences seem to be 

30 important to both of these processes. These signals are typically a variation on the 
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sequence AATAAA. In animal cells, some variants of this sequence that are functional 
have been identified; in plant cells there seems to be an extended range of functional 
sequences (Wickens and Stephenson, 1984; Dean et al, 1986). Because all of these 
consensus sequences are variations on AATAAA, they all are A+T rich sequences. This 
5 sequence is typically found 15 to 20 bp before the polyA tract in a mature mRNA. 
Studies in animal cells indicate that this sequence is involved in both polyA addition and 
3' maturation. Site directed mutations in this sequence can disrupt these functions 
(Conway and Wickens, 1988; Wickens et al, 1987). However, it has also been observed 
that sequences up to 50 to 100 bp 3' to the putative polyA signal are also required; /.e., a 

10 gene that has a normal AATAAA but has been replaced or disrupted downstream does 
not get properly polyadenylated (Gil and Proudfoot, 1984; Sadofsky and Alwine, 1984; 
McDevitt et al, 1984). That is, the polyA signal itself is not sufficient for complete and 
proper processing. It is not yet known what specific downstream sequences are required 
in addition to the polyA signal, or if there is a specific sequence that has this function. 

1 5 Therefore, sequence analysis can only identify potential polyA signals. 

In naturally occurring mRNAs that are normally polyadenylated, it has been 
observed that disruption of this process, either by altering the polyA signal or other 
sequences in the mRNA, profound effects can be obtained in the level of functional 
mRNA. This has been observed in several naturally occurring mRNAs, with results that 

20 are gene-specific so far. 

■ It has been shown that in natural mRNAs proper polyadenylation is important in 
mRNA accumulation, and that disruption of this process can effect mRNA levels 
significantly. However, insufficient knowledge exists to predict the effect of changes in a 
normal gene. In a heterologous gene, it is even harder to predict the consequences. 

25 However, it is possible that the putative sites identified are dysfunctional. That is, these 
sites may not act as proper polyA sites, but instead function as aberrant sites that give rise 
to unstable mRNAs. 

In animal cell systems, AATAAA is by far the most common signal identified in 
mRNAs upstream of the polyA, but at least four variants have also been found (Wickens 
30 and Stephenson, 1984). In plants, not nearly so much analysis has been done, but it is 
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clear that multiple sequences similar to AATAAA can be used. The plant sites in Table 4 
called major or minor refer only to the study of Dean et al (1986) which analyzed only 
three types of plant gene. The designation of polyadenylation sites as major or minor 
refers only to the frequency of their occurrence as functional sites in naturally occurring 
5 genes that have been analyzed. In the case of plants this is a very limited database. It is 
hard to predict with any certainty that a site designated major or minor is more or less 
likely to function partially or completely when found in a heterologous gene such as 
those encoding the crystal proteins of the present invention. 

10 Table 4 

Polyadenylation Sites In Plant Genes 



PA 


AATAAA 


Major consensus site 


P1A 


AATAAT 


Major plant site 


P2A 


AACCAA 


Minor plant site 


P3A 


ATATAA 


n 


P4A 


AATCAA 


n 


P5A 


ATACTA 


tt 


P6A 


ATAAAA 


H 


P7A 


ATGAAA 


M 


P8A 


AAGCAT 


M 


P9A 


ATTAAT 


M 


P10A 


ATACAT 


tl 


P11A 


AAAATA 


It 


P12A 


ATT AAA 


Minor animal site 


P13A 


AATTAA 


H 


P14A 


AATACA 


11 


P15A 


CATAAA 


It 



The present invention provides a method for preparing synthetic plant genes 
which genes express their protein product at levels significantly higher than the wild-type 
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